During growth and development, dietary intake changes from being predominantly liquid in the newborn period to mixed solid liquid meals. These alterations in diet vary the functional demands placed on the stomach. It has been shown that, during development, smooth muscle of the stomach undergoes changes in the mechanism responsible for the contractile process. In this study, we have investigated the possibility that there are structural changes in two of the major proteins that are responsible for generation of force during smooth muscle contraction: actin and myosin. Actin and myosin were identified in newborn kittens (1 wk old) and adult gastric smooth muscle using one-dimensional SDS-PAGE. Although both the antrum and fundus of the kitten have significantly smaller total amounts of actin and myosin per mg protein than the adult, the ratio of actin to myosin is not significantly different between the age groups. Two different The changes in diet ary constitu ents during growth and development from predominantl y liquid to mixed solid liquid meals places an increasing burd en on the stomach that is required to triturate these solids and empty them from the stoma ch. The fundus or proxim al portion of the stomach is respon sibl e for the storage and empty ing of gastric food stuffs, whereas the antrum redu ces the size of ing ested solids and faci litates emptying (1). Th ere is a growing bod y of experiment al ev ide nce suggesting that functional characteristics of smoo th muscle in the sto mac h und ergo changes that parallel these alte rations in dietary mili eu. Th e frequ enc y and amplitude of contractions in the ca nine stoma ch increase during the newborn period (2). Th e in vitro force-generating capacit y of smoo th mu scle from the stomach of newborn rabbit s is less than that of adult gastri c muscl e, and this reduction in forcegeneratin g capacity did not appear to be accounted for by changes in receptor function (3, 4) . In addition to these quantitative differences in ability to ge nerate force, we have recentl y repo rted that isolated muscle ce lls from the antrum of the adult cat use intr acellular Ca 2 + stores that are not available for kitten antral cells (5). We observed an increase in the amount of MHC2 in the adult, which resulted in a decreased ratio of MHC1 to MHC2 in the adult. We postulate that the decreased quantity of actin and myosin in the kitten stomach and the observed changes in the ratio of the MHC isoforms are related to changes in the gastric motor that occur during growth and development. (Pediatr Res 37: 202-206, 1995) Abbreviations PMSF , phenylmethyl sulfanyl fluoride f3ME, f3-mercaptoethanol MHC , myosin heavy chain Actin and myo sin are two of the major structural proteins involved in the contractil e machinery of the cell. Th e generation of tension during muscle contraction is the result of the interaction between myos in heads and adjacent actin filaments (6). Previous studies have suggested that changes in the absolute amount and relative abundance of isoforms of these contractile prot eins may be associated with alterations in the funct ional characteristics of muscl e (7). Th e purp ose of our study was to determine what quant itative and qualitative cha nges occur in actin and myosin during developm ent of the newb orn stomach. Our data indicate that although the ratio of actin to total MH C rem ains constant during growth and development, the relative amo unts of actin and myosin per mg of prot ein increase with age and there is a change in the distribu tion of MH C isoform s.
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myosin heavy chain (MHC) isoforms, MHC1 (205 kD) and MHC2 (200 kD), were identified in all tissues. The relative amount of MHC1 remained constant during maturation of the stomach. We observed an increase in the amount of MHC2 in the adult, which resulted in a decreased ratio of MHC1 to MHC2 in the adult. We postulate that the decreased quantity of actin and myosin in the kitten stomach and the observed changes in the ratio of the MHC isoforms are related to changes in the gastric motor that occur during growth and development. Abbreviations PMSF , phenylmethyl sulfanyl fluoride f3ME, f3-mercaptoethanol MHC , myosin heavy chain Actin and myo sin are two of the major structural proteins involved in the contractil e machinery of the cell. Th e generation of tension during muscle contraction is the result of the interaction between myos in heads and adjacent actin filaments (6) . Previous studies have suggested that changes in the absolute amount and relative abundance of isoforms of these contractile prot eins may be associated with alterations in the funct ional characteristics of muscl e (7) . Th e purp ose of our study was to determine what quant itative and qualitative cha nges occur in actin and myosin during developm ent of the newb orn stomach. Our data indicate that although the ratio of actin to total MH C rem ains constant during growth and development, the relative amo unts of actin and myosin per mg of prot ein increase with age and there is a change in the distribu tion of MH C isoform s.
METHODS
Seve n-d-old kittens and adult cats were used as anima l models after the animals we re anesthetized with xy lozine intramuscularly foll owed by ketamine. The anim al 's abdomen was opened with a midline incision exposing the stomach. Th e animal was then kill ed by injecting Beuthanasia into the heart. The stomach was rem oved and opened along the lesser curvature . The fundus was ident ified as 1 cm 2 of tissu e below the lower esophageal segme nt. Th e antrum was taken as 1 crrr' of 
RESULTS
Two MHC isoform s were identified, one at 205 kD (MHC1), and one at 200 kD (MHC2). These isoforms were present in all the tissues studied (Fig. 1) . Both bands reacted positively to The 3 mL of serum were generally desalted using an Econopac 10 DG desalt ing column (Bio-Rad Laboratories). Th en the IgG was purified using an Econ o-pac serum IgG purific ation column. The IgG was eluted using an application buffer (0.02 M Tris-HCI, pH 8.0, containing 0.028 M NaCl ), and it was collec ted in 2-mL fraction s. The absorbence at 280 nm of each fraction was determined using a spectrophotometer (UY/VIS, Perkin -Elmer Corp ., Norw alk, CT) and the effluent tubes containing the unbound protein peaks were combined.
Immunoblotting. Protein on SDS-PAGE was transblotted onto nitrocellulose paper and assayed. The Mini Gene immunoblott er from Idea Scientific was used. The transfer buffer was composed of 25 mM Tris base, 192 mM glycine base, 10% (vol/vol) methanol, and 0.05 % SDS. The immunoblotting was carried out at 22 Y for 90 min. Part of the nitrocellulose pap er was stained with a mixtur e of Pelikan fountain india ink in PBS-Tween to confirm protein transfer. The nitrocellulose was then blocked at 37°C for 1 h, rinsed with PBS, and incubated with myosin antibodies overnight at 4°C. It was then rinsed in PBS and exposed to peroxidase-conjugat ed secondary antibodies. After remaining for 2 h at room temperature, the treated nitrocellulo se was washed in PBS and developed using a developer solution compose d of 2 mL of 4-CI naphtol stock (0.3% in pure meth anol), 8 mL of distilled HzO, and 50 /-LL of HzO z for 5 min . It was then rinsed with distilled water and air dried overn ight in a dark area. the tissue adjac ent to the pylorus. The mucosa was removed with the use of a dissecting microscope. The tissue was cleaned of all visible adherent tissue on the adventiti al and serosal side. The dissection was carried out at 4°C in a dish containing ox ygen ated Kreb 's buffer (116.6 mM NaCl, 2 1.9 mM NaHC0 3 , 1.2 mM KH ZP04 , 5.4 mM glucose, 1.2 mM MgCl z , pH 7.4), with 1% j3ME, 0.1 mM PMSF, 1 /-LglmL pepstatin A, and 5 /-LglmL leupeptin. Th e outer longitudinal layer was removed using a Stadie-Riggs tissue slicer and the wet weight of the tissue determined.
Sim ilar to methods used previously, the tissue was homogenized with 35 volumes of extraction buffer (25 mM NaP0 4 , pH 7) with 1% j3ME, 0.1 /-LM PMSF, 1 /-LglmL pepstatin A, and 5 /-LglmL leupeptin (8) (9) (10) . SDS was added to a 1% concentration. The homogenate was extracted on ice for 2 h, incubated at 37°C for 15 min, then centrifuged for 15 min at 800 X g, and the supernatant was removed (SI). Then the pellet was rehomogenized in the same volum e of extraction buffer, SDS was added, and the homogenate was extracted overnight at 4°C and incubated at 37°C for 15 min. It was then centrifuged and the supernatant remove d (S2). SI and S2 were pooled, and aliquots were taken for SDS-PAGE and protein determination. The pellet was then rehomogenized and extracted for 2 h and incubated at 37°C for 15 min. Th e S3 and pellet 3 were removed for SDS-PAGE and protein determination.
Th e denaturing SDS-PAGE of Laemmli (11) was used to study heavy chain isoform s of myosin and actin. The homogenates were mixed with sample buffer in a 1:1 ratio and boiled for 2 min. A 4.5% acrylamide gel (1:29 bis/acrylamid e) was used to separate MHC isoforms and actin. An Idea Scientific (Minneapolis, MN) mini gel cell was used ; the gel thickn ess was 0.75 mm, and the gel was run for 45 min at 30 rnA per gel slab (constant current). Molecul ar weight markers were used to help identify the myosin and actin (205-kD myosin and 45-kD actin from Sigma Chemical Co., St. Louis, MO, prestained molecul ar weight marker from Amer sham Corp., Arlington Heights , IL).
The gels were stained with Coomassie brilliant blue and destained with 5% acetic acid and 10% methanol until clear. They were scanned using quick scan densitometry. Th e amounts of the MHC bands and actin bands were calcul ated by comp aring their peaks to a peak of a known amount of a standard (actin).
Total protein (collagenous and noncoll agenous ) measurements were performed using bicinchonini c acid, as describ ed previously (12) , on all homogenates. Reagents for this assay were obtained from Pierce Chemic al Company (Rockford, IL). Wh en noncollagenous protein measurements were performed on the tissue, they were determined by the procedure of Lilienthal et al. (13) . Briefly, smooth muscl e tissue was extracted in 0.05 N NaOH at room temperature for 24 h before protein determ inations.
Anti-smooth muscle myosin IgG preparation. Polyclonal myosin antibodies to rabbit uterine smooth muscle were purchased from Sigma (product M-7648). The IgG was purified by chromatography on DEAE Affi-Gel blue agarose gel (Sigm a Chemic al Co.) (14) . An Econo-p ac serum IgG purification kit was purch ased from Bio-Rad Laboratories (Richmond, CA) . purified myosin antibody after the protein was transferred to nitrocellulos e paper (Fig. 2) . Although the amount of MHCl (expressed as mg/g wet weight) was unchanged with maturation from the newborn to adult in both the antrum (7.03 ± 0.97 versus 7.32 ± 0.19) and fundus (3.96 ± 0.65 versus 4.83 ± 0.47), the amount of MHC2 (expressed as mg/g wet weight) did increase significantly with advancing age in both the antrum (11.45 ± 0.81 versus 21.1 ± 2.58 p :s: 0.05) and fundus (5.4 ± 0.65 versus 9.73 ± 0.83, p :s: 0.05). This results in a decrease in the ratio of MHC 1 to MHC2 with maturation in both the fundus and antrum (Fig. 3) . Table 1 expresses the total amount of protein and noncollagenous protein present in the antrum and fundu s of the newborn and adult cat per g wet weight. Although there is more total protein per g wet weight present in the newborn of both the fundus and antrum , this is not true when one examine s the ratio of noncollagenous protein to g wet weight. This suggests that the newborn fundu s has more collagenous protein than the adult, but noncollagenous protein concentrations are similar. When the concentration of both actin and myosin are examined, it is found that the newborn has a significantly lower amount in both the antrum and fundus (Table 2 ). This difference occurs whether actin and myosin are expressed as mg of protein per g wet weight or mg of protein per g noncoll agenous protein. When the ratios of actin to myosin from the newborn and adult in each region are compared, they are similar with an actin/myos in ratio of 2:1 in the newborn fundus, 1:7 in the adult fundus, 2:1 in the newborn antrum, and 1:8 in the adult antrum. The total protein and noncollagenous protein are expressed per g wet weight in the antrum and fundus of the newborn and adult cat. All values expressed are the average of n 2: 3 animals.
The actin and myosin content of the fundus and antrum in newborn and adult cats are expressed both as mg/g wet weight of tissue and mg/g noncollagenous. All values expressed are for n 2: 3 animals. The unpaired t test is used to compare values from the different aged cats in the same region (i.e. kitten fundus is compared with adult fundus).
• p s; 0.025. t p s; 0.005.
DISCUSSION
Muscle of various types and locations has been shown to have a reduced ability to generate stress (force/cross -sectional area) during the newborn period. Myocardium undergoes changes that lead to an increase in the ability of the muscl e to generate force as developm ent proceeds from fetus to adult (16) . Similar changes have been noted in gastroint estinal smooth muscle, where strips of rat and rabbit newborn gastric circular muscle have been shown to generate less stress than the adult gastric circular muscle (3, 4) . fro m 4.5% acrylamide onto nit rocellulose paper. The isoforms were exposed to prepared myosin MAb to rabbit uterine smooth muscl e. The antibodies were then detect ed by seco ndary staining using pero xidaseconjuga ted antibodies.
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In our study, we observed that the amounts of actin and myosin (ug/mg protein) present in antral or fundic gastric smooth muscle both increase with age. It is likely that higher amounts of these contractile proteins would be correlated with an increase in force generation, inasmuch as the cross-bridge interaction between these two proteins is thought to be the final common pathway for muscle contraction (17) . Similar findings have been made in the rat aorta, where increasing amount s of actin and myosin during the newborn period tempor ally correlate with increased force generation (10) . The finding that the ratio of actin to myosin remains unchanged in the smooth muscle of the stomach during development indicates proportional increases that would suggest the intracellular ratio of these two proteins remains constant. The observed increase in the actin and myosin content during maturation of feline gastric smooth muscle could therefore result from either a proportional increase in the cellular concentration of these contractile proteins or increases in cell density.
Myosin is composed of two heavy chains and two pairs of light chains of two different types. Each heavy chain consists of an N-terminal globular head and a C-terminal, rod-like, a -helical tail region. The globular head of the myosin contains actin-stimulated ATPase activity, the regulation of which controls the actual sliding interacti on between the two proteins that results in smooth muscle shortening , It has previously been noted that the heavy chain of myosin can migrate to more than one position on one-dimensional SDS-PAGE. Those forms of MHC, which vary slightly in molecular weight, are called isoforms.
Our data show a change in MHC isoform distribution. We have found two isoforms of MHC in feline gastric smooth muscle that correspond to their speed of migration and can be classified as MHCl and MHC2. Although the relative amount of MHCl remains constant during development of the stomach, there is an increased amount of MHC2 in the adult, resulting in a decreased ratio of MHCl to MHC2 during grow th and development. Changes in MHC isoforms may be important because of the way in which they affect the contractile function of the muscle. These changes have been found in response to changes in the environment that alter the demands on the muscle for contraction or in maturational processes.
In response to chronic heart overload in rodents, a shift in MHC occurred with an increase in the slow MHC isoform V3 and a decrease in the fast MHC isoform VI (26), Similar changes have been noted in the human atrial smooth muscle but not in ventricular muscle (7, 23) . A change in MHC isoform distribution has been seen in the rodent ventricle with hypothyroidism and in skeletal muscle after hypertroph y of chicken slow muscle from repeated use (19, 27) .
Changes in distribution of MHC isoforms have been reported in skeletal, myocardial, and smooth muscle (18) (19) (20) during growth and development. In the rodent ventricle, the slow migrating MHC isoform is predominant in fetal life, whereas the faster migrating MHC is more prevalent during adult life (21) . In the pig tracheal smooth muscle, there is a decrease in the ratio of MHCl to MHC2 during maturation (24) , whereas similar work on human tracheal smooth muscle failed to show any change in MHC isoform with maturation (25) .
The changes that we see in MHC distribution in the feline stomach occur during a maturational process and a time of changing functional demands on the stomach. Dietary intake changes from a liquid to a mixed solid liquid diet requiring the adult stomach to triturate solids, a task the newborn stomach is not called on to perform.
In skeletal and cardiac muscle there are indications that different MHC isoforms have different ATPase activity (28, 29) , This could significantly alter the contractile propertie s of a muscle, because myosin ATPase activity is a major factor in controlling the velocity of contraction (shortening velocity) (29) . In the rabbit heart, hypothyroidism increases the relative amount of slow MHC isoform and is associated with a slower, more economical contraction, whereas hyperthyroidism is associated with an increase in the faster isoform and a more rapid contraction that is less economical in terms of energy expenditure (27) . It is also possible that these differences in MHC isoform distribution that affect ATPase activity could affect the ultimate ability of smooth muscle to generate tension (30) . Additional studies are needed to evaluate gastric MHC ATPase in the developing feline stomach and the relationship to contractile characteristics.
In conclusion, our data indicate that both feline antral and fundic gastric smooth muscle experience a change in the amount of actin and myosin present and in the ratio of MHC isoforms that are present during growth and development. It is conceivable that these quantitative and qualitative changes in actin and myosin are related to changes in functional muscle characteristics that are required during growth and development to adequately handle changes in dietary intake.
